To compare fluid replacement therapy with Hydroxyethyl starch 6% (HES) versus Ringer's lactate (RL) in a rodent model of non-septic renal ischemia.
Introduction
Acute renal failure affects up to 5% of hospitalized patients and its prevalence is expected to increase in the coming years 1 .Besides causing an increase in mortality, the development of acute renal failure in hospitalized patients can also lead to a greater length of hospitalization and increase in health care costs 2 .Ischemic kidney damage is one of the most important pathophysiologic mechanisms of acute renal failure 3 . Fluid replacement therapy is the cornerstone to prevent and treat acute kidney failure in hypoperfusion states 4 .
Crystalloid and colloid infusions are commonly utilized to treat hypoperfusion states. Despite the poor evidence to justify its use, colloid solutions are frequently administered by clinical practitioners in order to obtain a faster optimization of the intravascular circulatory volume 5, 6 . In contrast, colloid infusions have been shown to be detrimental to kidney function when compared to crystalloid infusions in a rodent model of sepsis 7 .
Currently, it is unknown if colloid administration is also detrimental to the kidneys in non-infectious states of renal hypoperfusion.
The primary objective of the current investigation was to evaluate the effect of 6% Hydroxyethyl starch versus Ringer's lactate replacement therapy on the degree of acute kidney injury in a non-infectious rodent model of renal ischemia. We hypothesized that rodents receiving a crystalloid infusion would have less acute structural kidney damage than rodents receiving a colloid infusion.
Methods
After approval of the Committee for Ethical conduct of animal research at Botucatu Medical School, Sao Paulo, Brazil, 40 male Wistar rats, weighting more than 350g were included in the study. Animals were cared for according to the guidelines of the US national institute of health and the Brazilian National Institute of health Standards.
Animals fasted for twelve hours prior to the experiment.
After being weighed, they were randomized using a computer generated table of random number and a 1:1 allocation into two experimental groups: Group 1 (Ringer lactate + renal ischemia, n=20), Group 2 (6% Hydroxyethyl starch + renal ischemia, n=20).
The animals were anesthetized using isoflurane. After tracheal intubation they were connected to a ventilator (683 Rodent Ventilator, Harvard Apparatus Inc, USA) and were ventilated utilizing a 100% fraction of inspired oxygen , a respiratory rate set at 60-70 breaths per minute and tidal volume of 5-10 ml.kg -1 .The respiratory rate was adjusted to maintain normocapnia. The animals were kept in a termal cushion in order to prevent hypothermia. 8, 9 . The abdominal and the cervical incisions were then sutured. The anesthetic agent was then stopped and the animals were extubated.
Twelve hours after the initial experiment, the animals were re-anesthetized using isoflurane, the abdominal incision sutures were opened and a left nephrectomy performed. Aspiration of intracardiac blood was performed followed by an intracardiac injection of sodium thiopenthal in order to sacrifice the animals.
Blood samples were obtained to measure serum levels of Neutrophil gelatinase-associated lipocalin (NGAL) at baseline, 30 minutes after renal ischemia, 30 minutes after renal reperfusion and 12 hours after renal ischemia. At each time, 1.5 mL of blood were obtained followed by infusion of 3 ml bolus of ringer lactate for group 1 and 1.5 mL of 6% Hydroxyethyl starch for group 2.
The kidneys were removed and were preserved using a Duboscq-Brasil solution for 24 hours followed by a solution containing 80% alcohol, picric acid, formalin and acetic acid. The Duboscq-Brasil solution was utilized to better preserve the kidney structure and to increase the accuracy of the histological analysis.
The hematoxilin-eosin marker was used to highlight the structures.
The histological slides were then prepared using paraffin. The histological slides were evaluated by a single attending pathologist (MRD) blinded to the study group allocation. The kidney injury was classified according to the percentage of tubular necrosis using the classification previously described by Park et al. 10 ( Table   1 ). Adapted from Park et al. 10 The study primary outcome was the degree of kidney injury according to Park's classification. A secondary objective of the study was to evaluate the association between the serum levels of NGAL and the degree of histological kidney injury.
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Statistical analysis
A power analysis determined that 18 rodents per group would be required in order to achieve 80% power to detect an 
Results
There was no significant difference in animals' weight between the Hydroxyethyl starch group, mean (SD) of 455g ± 44 and the Ringer's lactate group, mean (SD) of 455g ± 44 (p=0.93).
Temperature and hemodynamic characteristics were also similar between the study groups at the different times of the experimental protocol ( Table 2) . classification of 3(3 to 5) (p=0.03) (Figures 1 and 2) . The right (non-ischemic) kidney in both study groups had no histological evidence of renal injury, Park classification median (IQR) of 0 (0 to 0).
There was no association between Serum NGAL levels and the severity of kidney injury at the different experimental protocol time points, suggesting a limited role of serum NGAL levels as a biomarker for the severity of acute kidney injury (Table   3) . Another important finding of the current investigation is the lack of association between serum NGAL levels and the severity of kidney injury. This finding can have important clinical implications since the NGAL has been used as an early biomarker of nephrotoxicity in states of renal ischemia 11, 12 . It is possible that by only measuring this serum biomarker of nephrotoxicity, important differences in the severity of kidney injury will not be detected. In therapy. Second, we did not measure postoperative glomerular function and were not able to evaluate the effect of our interventions on glomerular function. We also utilized a model that examined animals with a single kidney. A right nephrectomy was performed before the ischemic insult in order to allow a faster recovery of the ischemic left kidney as our group has demonstrated in a previous investigation 17 . If a right nephrectomy was not performed, the right kidney would cause a supra-physiologic activation of the reninangiotensin-aldosterone system which would lead to severe vasoconstriction and faster damage of the left kidney 18 .
Conclusions
The fluid replacement therapy with 6% Hydroxyethyl starch lead to more kidney damage than fluid replacement therapy with Ringer' lactate in a non infectious renal ischemic model.
Our results support previous findings of nephrotoxic damage of colloids in infectious states of hypoperfusion when compared to crystalloids. It seems that colloids should also be avoided to improve kidney function in non septic states of renal hypoperfusion.
